I. Introduction
===============

With the recent popularization of wireless devices, such as tablet PCs, PDAs, and smartphones, mobile healthcare (mHealth) has also become widespread \[[@B1]\]. Mobile healthcare systems (MHSs) are being developed for healthcare professionals, and in particular, for emergency care and the management of chronic illness \[[@B2]\]. However, most MHSs for healthcare professionals have either failed at the developmental stage \[[@B3]\] or have not been applied as predicted in the hospital setting \[[@B4]\]. Among these implementation failures, 30% can be attributed to non-technical factors, the most significant of which was insufficient user acceptance, a factor that has long been considered as an obstacle to the successful adoption of information technology (IT) and information systems (IS) \[[@B5]\].

Several models have been introduced to explain the acceptance of technological products and services, including mobile products and services. Technology acceptance models (TAMs) and their extensions, such as TAM2 and the unified theory of acceptance and use of technology (UTAUT), are the most commonly used models for examining users\' acceptance of mHealth products and services. For example, Wu et al. \[[@B6]\] used the original TAM to examine the adoption of mobile computing by healthcare professionals in hospital settings; Zhang et al. \[[@B7]\] used TAM2 to study the factors influencing the adoption of mobile IT by homecare nurses; and Lee and Rho \[[@B8]\] used UTAUT to examine the factors influencing the acceptance of mobile health monitoring by users.

Obesity is one of the most pressing issues in healthcare for the general public, including in the Republic of Korea. According to the regional health statistics data of the Korean Ministry of Health and Welfare, the prevalence of obesity in Korea was 23.3% in 2011, which represents a 0.8% increase from the previous year \[[@B9]\]. To control obesity, it is important to help the patient to control his/her weight over the long term, taking into account the obesity level and treatment demands of the individual \[[@B10]\]. To this end, nursing interventions using IT that provide continuous interventions and are free from temporal and spatial limitations, such as the Internet and mobile devices, have been proven effective in terms of accessibility, equity, and cost \[[@B11]\]. A study that analyzed the quality of health information offered by obesity-management apps in the United States found that there were 204 iOS-based obesity-management apps in 2009 \[[@B12]\], while another study on the quality of health information provided by obesity-management apps in Korea found 148 iOS-based obesity-management apps in 2013 \[[@B13]\]. The total number of obesity-management apps is predicted to be even higher given that Android-based apps were excluded from these studies.

The market size of mobile apps in the healthcare field, including those for obesity management, has increased by 44% annually from US \$500 million in 2010, with the industry\'s sales profit increasing more than tenfold in 2012 \[[@B14]\]. Despite this increase, no research on the factors influencing the acceptance of mobile obesity-management apps by the general public has yet been conducted. Therefore, the aim of this study was to elucidate the factors affecting the public\'s acceptance of an obesity-management app. An obesity-management app that was developed by the author in 2012 based on the clinical guidelines for obesity \[[@B15]\] were used in this study.

1. Conceptual Model and Research Hypotheses
-------------------------------------------

This study analyzed the factors influencing the acceptance of an obesity-management app using the MHS acceptance model ([Figure 1](#F1){ref-type="fig"}) developed by Wu et al. \[[@B6]\].

### 1) The MHS acceptance model

Wu et al. \[[@B6]\] developed the MHS acceptance model by bringing together perceived usefulness (PU), perceived ease of use (PEOU), and behavioral intention (BI) to use, the three concepts of the extended technology acceptance model (TAM2) \[[@B16]\], the concept of compatibility from innovation diffusion theory (IDT) \[[@B17]\], the concept of self-efficacy proposed by Venkatesh and Davis \[[@B16]\] and Compeau and Higgins \[[@B18]\], and the concept of technical support and training presented by Igbaria et al. \[[@B19]\].

BI, extracted from TAM2, is defined as the individual\'s interest in using an IS for future work, PEOU is defined as the degree to which a person believes that using a particular IS would be free from effort, and PU is defined as the degree to which a person believes that using a particular IS would enhance his or her job performance. BI is directly influenced by PU and PEOU \[[@B16],[@B20]\].

Compatibility, a concept extracted from IDT, refers to the degree to which a technological innovation is consistent with the values, experiences, and needs of the potential users. Compatibility was found to be a factor that directly influences BI, such that a technology that is more compatible with the user\'s previous experience is more likely to be accepted \[[@B21]\]. A previous study also asserted that compatibility influences PU and PEOU, in that the user believes that an IS is more useful and easy to use if the system is compatible with their current practice \[[@B22]\]. Compatibility also positively influences MHS self-efficacy; that is, the user will feel more comfortable and confident in using the MHS, and this will result in higher self-efficacy when the mobile IT/IS is more compatible with the user\'s existing values, previous experiences, and practical needs.

According to Compeau and Higgins \[[@B18]\], self-efficacy in the use of IT is the user\'s perception of his or her capability to use IT for the accomplishment of a specific task. Self-efficacy using technology such as computers has been widely studied and was found to be positively influenced by the individuals\' PEOU and PU \[[@B18]\].

Technical support and training, a concept presented by Igbaria et al. \[[@B19]\], refers to the provision of a tutorial program on IT or IS. Previous research has shown that when sufficient technical support and training is provided for a new IT/IS, self-efficacy for the technology was improved \[[@B18],[@B19]\]. Another study also suggested that providing valuable training programs and technical support will increase the user\'s PEOU and PU \[[@B19]\].

### 2) Research hypotheses

The relationships among the various concepts included in the MHS acceptance model were examined in this study using a mobile obesity-management app. From the hypothesized model, each pathway becomes a hypothesis of the study.

The research hypotheses for the dependent variable, BI, were the following:

H~1~: Compatibility has a direct effect on the BI to use the mobile obesity-management app.

H~2~: Perceived usefulness has a direct effect on the BI to use the mobile obesity-management app.

H~3~: Perceived ease of use has a direct effect on the BI to use the mobile obesity-management app.

The research hypotheses for the mediating variable, PU, were the following:

H~4~: Compatibility has a direct effect on the PU of the mobile obesity-management app.

H~5~: Self-efficacy has a direct effect on the PU of the mobile obesity-management app.

H~6~: Technical support and training have a direct effect on the PU of the mobile obesity-management app.

H~7~: PEOU has a direct effect on the PU of the mobile obesity-management app.

The research hypotheses for the mediating variable, PEOU, were the following:

H~8~: Compatibility has a direct effect on the PEOU of the mobile obesity-management app.

H~9~: Self-efficacy has a direct effect on the PEOU of the mobile obesity-management app.

H~10~: Technical support and training have a direct effect on the PEOU of the mobile obesity-management app.

The research hypotheses for the mediating variable, selfefficacy, were the following:

H~11~: Compatibility has a direct effect on the self-efficacy of using the mobile obesity-management app.

H~12~: Technical support and training have a direct effect on the self-efficacy of using the mobile obesity-management app. II. Methods

II. Methods
===========

1. Research Design
------------------

This was a survey study designed to examine the factors involved in the adoption of a mobile obesity-management app using the MHS acceptance model.

2. Study Subjects
-----------------

The subjects for this study were 110 adult Android smartphone users who had an intent to manage their weight. The number of subjects required for the study was calculated based on the recommendation for the structural equation model: at least 15 subjects per observed variable \[[@B23]\]. Since there are six variables in the MHS acceptance model, at least 90 subjects were required. However, the final number of study subjects was 110 to compensate for potential dropout. Subjects who were receiving professional medical care for obesity management, including any medications or surgery, were excluded from this study.

A convenience sample of the study subjects was recruited from the College of Medicine, College of Dentistry, College of Nursing of Seoul National University Yongon Campus, and Seoul National University Hospital through public notices posted on bulletin boards or websites at these institutions.

3. Study Procedure
------------------

Subjects responding to the recruitment notice received a URL via SMS from which the obesity-management app could be downloaded. On first execution of the app, the subject was briefed about the research and asked to provide informed consent to participate. If the subject signed the consent form, the form was stored and an image file of the form was sent to the researcher. The subjects who agreed to participate in the study then received an instructional video on how to use the app. After receiving the instructions, each subject was asked to use the app for two weeks and then to complete a survey provided as a pop-up window. The survey collected demographical data and data on obesity-management app acceptance factors. The completed survey data, along with the data entered over the two-week study period (diet records, exercise records, body mass index (BMI), body weight, weight-loss goal, and weight-loss period) and usage logs of the app (access time) were sent to the researcher. The researcher analyzed the collected data using descriptive statistics and structural equation modeling. The study was conducted between November 12 and December 2, 2013.

4. Instruments
--------------

The factors affecting mobile obesity-management app acceptance were assessed using 18 questions, comprising three questions for each of the six factors \[[@B6]\]. Three of the six acceptance factors (PU, PEOU, and BI) were derived from two previous studies on TAM \[[@B16],[@B20]\]. Technical support and training was elicited from Igbaria et al. \[[@B19]\], and compatibility was derived from Rogers \[[@B17]\] and Chau and Hu \[[@B24]\], whereas the items for MHS self-efficacy were captured using three items tailored from Compeau and Higgins \[[@B18]\] and Venkatesh et al. \[[@B25]\]. All questions used a five-point Likert-type response scale (1 = \'strongly disagree\' to 5 = \'strongly agree\').

The survey instrument was translated from English into Korean by the second author, and the translated questionnaire was back-translated into English by an independent professional translator \[[@B26]\]. Four nurse informatists holding a master\'s degree or higher then compared the back-translated instrument against the original instrument to ensure the equivalence of the translation.

5. Data Analysis
----------------

The subjects\' demographic information, length of smartphone use, prior experience of obesity management, and prior experience of using an MHS app were analyzed for descriptive statistics using SPSS ver. 20.0 software (IBM SPSS, Armonk, NY, USA).

Descriptive statistics of the observed variables for mobile obesity-management app acceptance factors were analyzed for frequency, average, and standard deviation using SPSS ver. 20.0, and the reliability of the instrument was assessed using Cronbach\'s alpha. The correlations between the six acceptance factors were analyzed using Pearson correlation coefficients.

The MHS acceptance model was analyzed by path analysis using AMOS ver. 20.0 (IBM SPSS). The goodness of fit of a hypothetical model constructed based on the TAM was evaluated with the various goodness-of-fit indices including chi-square (χ^2^) statistics, the goodness-of-fit index (GFI), and the normed fit index (NFI). The cutoff for statistical significance was set at *p* \< 0.05.

III. Results
============

1. Demographics of the Study Subjects
-------------------------------------

A total of 110 subjects participated in this study, of whom 95 completed the survey (response rate, 86.4%). One of these subjects returned an incomplete response and was therefore excluded; thus, the data of 94 subjects were used in the further analysis.

[Table 1](#T1){ref-type="table"} gives the demographic information of the 94 respondents. The data show a higher proportion of female participants, with 68 females (72.3%) and 26 males (27.7%). Regarding age, the 20-29 years age group contained the largest number of participants (n = 71, 75.5%). Most of the subjects (n = 77, 81.9%) reported having used a smartphone for 1-5 years, and 53 (56.4%) reported using a mobile device for between 1 and 5 hours daily. More than 88% of the subjects answered having experienced obesity management, 32 (34.0%) responded that they had used a healthcare app, and 24 (25.5%) reported having used an obesity-management app before participating in this study.

Of the 94 participants, 80 returned their usage record. For the 56 female participants who returned their data, the bodyweight was 55.3 ± 6.56 kg (mean ± SD), and the BMI was 21.2 ± 2.35 kg/m^2^. For the 24 male participants, the bodyweight was 77.3 ± 10.83 kg, and the BMI was 25.0 ± 3.57 kg/m^2^ ([Table 2](#T2){ref-type="table"}).

The usage logs (access and recording frequencies) of the 80 subjects who returned their data via the obesity-management app are summarized in [Table 3](#T3){ref-type="table"}. The frequency was highest for diet recordings, at 17.9 ± 26.13 (range, 0-102), and lowest for exercise recordings, at 4.3 ± 9.89.

2. Validity and Reliability of the Instrument
---------------------------------------------

The internal consistency of the instrument used in this study was evaluated by calculating Cronbach\'s alpha ([Table 4](#T4){ref-type="table"}). Cronbach\'s alpha for all constructs ranged from 0.71 to 0.92, which are above the minimum acceptable threshold value of 0.60-0.70 suggested by Hair et al. \[[@B27]\].

3. Descriptive Statistics for the MHS Acceptance Model Variables
----------------------------------------------------------------

Among the observed variables of the MHS acceptance model, the mean values for compatibility, self-efficacy, and technical support and training were 3.17, 2.57, and 3.98, respectively. The mean values for PEOU and PU were 3.44 and 2.95, respectively, and the mean BI for the mobile obesity-management app was 3.20. Since the Z scores for skewness and kurtosis for all variables measured in this study did not exceed the critical value (±1.96) at the statistical significance level of 0.05 set by Hair et al. \[[@B27]\], it can be concluded that all of the variables were normally distributed ([Table 5](#T5){ref-type="table"}).

4. Correlations among the MHS Acceptance Model Variables
--------------------------------------------------------

The correlation coefficients among the MHS acceptance model variables are listed in [Table 6](#T6){ref-type="table"}. All of the correlation coefficients were statistically significant at the significance level at α = 0.05.

5. Model Evaluation
-------------------

### 1) Goodness of fit of the MHS acceptance model

The model included six latent constructs: technical support and training, compatibility, self-efficacy, PU, PEOU, and BI. [Table 7](#T7){ref-type="table"} presents the goodness-of-fit statistics between the data and the proposed model.

The ratio of χ^2^ to its degrees of freedom, 3.24, was greater than the recommended less than 3.0, and the root mean square error of approximation of 0.16 was not within the acceptable range of 0.05-0.08 set by Hair et al. \[[@B27]\]. However, the measurement model had a good fit with the data based on other indices of fit, such as the GFI (0.97) and NFI (0.95).

### 2) The structural model

[Table 8](#T8){ref-type="table"} lists the direct and indirect effects estimates of the MHS acceptance model variables for BI, PU, PEOU, and selfefficacy, and [Figure 2](#F2){ref-type="fig"} shows the standardized path coefficients of the hypothesized relationships among the variables. The hypotheses were strongly supported except for H~5~, H~9~, and H~6~. The data strongly support a very strong direct effect of PU on BI for the mobile obesity-management app (H~2~: β = 0.54, *p* \< 0.001). The PEOU had a significant direct effect on BI for the mobile obesity-management app (H~3~: β = 0.24, *p* \< 0.05), and an indirect effect on BI through the mediating variable of PU; meanwhile, PEOU had a very strong effect on PU (H~7~: β = 0.54, *p* \< 0.001).

Compatibility had a direct effect on BI for the mobile obesity-management app (H~1~: β = 0.21, *p* \< 0.05), a strong direct effect on PU (H~4~: β = 0.36, *p* \< 0.001), and a significant effect on both PEOU (H~8~: β = 0.27, *p* \< 0.05) and self-efficacy (H~11~: β = 0.29, *p* \< 0.01). In addition, technical support and training had a strong direct effect on self-efficacy (H~12~: β = 0.38, *p* \< 0.001) and on PEOU (H~10~: β = 0.44, *p* \< 0.001). However, the data show that self-efficacy had no significant direct effects on PU (H~5~) or PEOU (H~9~), and that technical support and training had no significant effect on PU (H~6~).

IV. Discussion
==============

The factors influencing the general public\'s acceptance of an obesity-management app were analyzed in this study using the MHS acceptance model, a composite model of TAM with and compatibility, self-efficacy, and technical support and training from the study of Wu et al. \[[@B6]\].

Descriptive statistics revealed that the age of the subjects who used the obesity-management app was 27.0 ± 8.46 years, most of whom (89.3%) fell into the age group of 20 to 39 years. This result is in line with that of Wu et al. \[[@B6]\] for mobile computing acceptance factors in hospitals, for which the subjects were aged 29.6 ± 6.34 years, 92.6% of whom were aged between 20 and 39 years. Finn found that most of the mHealth app consumers were aged between 35 and 44 years \[[@B28]\]. Thus, it appears that most mHealth app customers tend to be relatively young, in their 20s or 30s.

The results of the path analysis demonstrated that self-efficacy does not significantly affect PU or PEOU, which is the direct opposite of what Wu et al. \[[@B6]\] found. This discordance may be related to the tool used to measure self-efficacy when the obesity-management app is used. The concept of self-efficacy encompasses several different meanings, from self-efficacy in the use of a mobile device or obesity management in general to the specific use of a mobile obesity-management app. If we had measured self-efficacy at various levels, as did Hasan \[[@B29]\], who measured general mobile selfefficacy versus system-specific self-efficacy, the findings may have been different.

We also found that technical support and training had a significant effect on PEOU but not on PU. These findings contradict those of Wu et al. \[[@B6]\], who found that technical support and training had no significant effect on either PU or PEOU. Those authors explained that technical support and training did not affect PU and PEOU for two reasons: 1) the participating hospitals were all equipped with computerized healthcare IT/IS, and as such, all subjects were trained in basic computer skills, and 2) the participating hospitals provided MHS and relevant training to their staff \[[@B11]\]. However, the subjects of the present study were healthcare consumers, and unlike healthcare professionals, they lacked essential computing education or training, which may explain why technical support and training had a significant effect on PEOU.

The factors influencing the acceptance of an obesity-management mobile app, developed as a part of the Health Avatar project, were analyzed with a view to encouraging adoption of the app. Various mobile apps acting as health avatars were developed in the Health Avatar project. Mobile apps for the management of chronic diseases, such as diabetes, hypertension, and hyperlipidemia, are currently under development. These mobile apps will provide various healthcare interventions that are free from temporal and spatial limitations. Health avatars utilizing various health and disease management technologies are enabled by a variety of features, such as life-logging, self-tracking, and qualified-self. In fact, webbased programs and other smartphone apps that track, analyze, and provide feedback based on a person\'s diet, exercise, sleeping pattern, and activity are already popularly in use \[[@B30]\].

This study was subject to two main limitations. First, we did not analyze the relationship between obesity-management app usage (access frequency and diet/exercise recording frequency) and acceptance factors. This was due to the obesity management being used for a very short period of time and the low frequencies of access and data recording. Adding an alarm or reminder function to the app, as the users requested, would improve access and data recording frequencies, thus making it possible to study the relationship between app usage and acceptance factors. Second, snowball and convenient sampling methods, and a self-report survey were used in this study, which could have resulted in both selection bias and social desirability bias.

Notwithstanding these limitations, this study represents the first attempt to analyze mobile obesity-management app acceptance factors based on a TAM. Further studies are recommended to examine the effectiveness of the obesity-management app in terms of clinical outcomes, such as weight and BMI, and to confirm the findings of this study by repeating it with different study subjects using other mHealth apps or services for the management of various diseases.
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###### Mean and standard deviation of obesity management app user\'s physical data (n = 80)
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###### Descriptive statistics of observed variables (n = 94)
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###### Correlations among the measurement variables
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^\*^Correlation is significant at the 0.05 level (two-tailed). ^\*\*^Correlation is significant at the 0.01 level (two-tailed).

###### Model evaluation overall fit measurement
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###### Path analysis result - direct and indirect effects
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BI: behavioral intention, PU: perceived usefulness, PEOU: perceived ease of use.
